Effect of Levels and Sources of Dietary Lipids on the Growth and Conversion Efficiency of the Catfish, Heteropneustes fossilis Bloch by Anwar, Md. Farooq
Effect of Levels and Sources of Dietary Lipids on 
the Growth and Conversion Efficiency of the 
Catfish, Heteropneustes fossilis Bloch 
DISSERTATION 
SUBMITTED tN PARTIAL FULFILMENT OF THE REQUIREMENTS 
FOR THE AWARD QF THE DEGREE Of 
M^ittx of ^Iiilos^opljp 
IN 
a^OObOGY 
BY 
Md. Farooq Anwar 
F^ ISH NUTRITtON RESEARCH LABORATORY 
DEPARTMENT OF ZOOLOGY 
ALI6ARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1 9 8 9 
DS1486 
Phones: r ^ ™ " ^ •' 285 
LPublic : 6646 
D E P A R T M E N T O F Z O O L O G Y 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH—202 002, U.P. 
(INDIA) 
Sections : 
1. ENTOMOLOGY Rcf. No. 
2. PARASITOLOGY 
3. ICHTHYOLOGY & FISHERIES 
4. AGRICULTURAL NEMATOLOGY „ ^ f)Q_q-j95?<5 
5. GENETICS ^^'<^ ^ ^ ^ ^JOJ 
This is to certify that the dissertation 
entitled 'Effect of Levels and Sources of Dietary 
Lipids on the Growth and Conversion Efficiency of 
the Catfish, Heterooneustes fossilis Bloch', has 
been completed under my supervision by Md, Farooq 
Anwar, This work is original and has been indepen-
dently persued by the candidate. 
I permit the candidate to submit the 
dissertation in partial fulfilment for the award of 
the degree of Master of Philosophy in Zoology of 
the Aligarh Muslim University, Aligarh, 
A.K, "oPafrl" 
M. Sc., Ph.D., F.N»A. SC. 
Professor 
CONTENTS 
Page No. 
ACKN0WL2DGEMENT 
GENERAL INTRODUCTION 1 
GENERAL METHODOLOGY 5 
CHAPTERS 
I, Preliminary observations on the 9 
growth and food conversion of the 
catfish, Heteropneustes fossilis 
Bloch^ fed varying levels of dietary 
lipid. 
II.Growth and food conversion of the 14 
catfish, Heteropneustes fossilis 
Bloch,fed different dietary lipid 
sources. 
REFERENCES 23 
ACKNOWLEDGEMENTS 
I express my sincere thanks and deep sense of 
gratitude, to Prof. A.K, Jafri, for gxiidance and 
supervision of the work. 
Thanks are also due to the Chairman, Department 
of Zoology, Aligarh Muslim University, Aligarh, for 
providing necessary laboratory facilities. 
I am also grateful to Prof. John E. Halver, 
School of Fisheries, University of Washington, Seattle, 
USA, for his constructive criticism and valuable 
suggestions. 
I am thankful to my laboratory colleagues 
Mr. Mukhtar A. Khan, Md. Abul Hassan, Mr. Erfanullah 
and Md. Nasiruddin, for their cooperation and generous 
help, 
Financial assistance rendered by U.S. 
Department of Agriculture is gratefully acknowledged. 
(Md. FAROOU ANWAR) 
GENERAL INTRODUCTION 
GENERAL INTRODUCTION 
Rearing of f ish on semi-intensive or in tens ive 
scale necess i ta tes provision of balanced d i e t s based on 
the nu t r i t i ona l needs of the cultured species . Compared 
t o the depth of knowledge on the nu t r i t i on of t e r r e s t r i a l 
animalS/ infojcmation on f ish n u t r i t i o n i s relat ively-
l imited (Halver, 1972; Niamat, 1985). However, any 
balanced formula for fish d i e t s must include an energy 
source plus suf f ic ien t indispensable amino ac ids , e s sen t i a l 
f a t t y ac ids , specif ic vitamins and minerals to support l i f e 
and promote growth (Halver, 1976a). Fish exhibi t consi-
derable degree of species spec i f i c i t y in t h e i r need for 
various nu t r i en t s and, therefore , precise evaluation of 
gross nut r ien t requirements of cu l t ivable species under 
control led conditions i s e s s e n t i a l before any feed formu-
l a t i o n i s successfully attempted. 
PoOTvulation of high ca lor ie production d i e t s 
usual ly incorporates higher l eve l s of energy nu t r i en t s l ike 
carbohydrate and l i p id in the feed. The use of l i p id as a 
source of energy in fish d i e t has been well recognised 
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(Lee and Sinnhuber, 1972; Watanabe, 1982; NAS-NRC, 1983; 
Stickney, 1984; New, 1986). 
Lipids play an important role as energy source in 
f i sh d i e t s , espec ia l ly for carnivorous f ish in which the 
a v a i l a b i l i t y of carbohydrate for energy i s low (Cho gt a l . , 
1985). Inclusion of enough l i p i d with e s sen t i a l f a t t y 
acids in d i e t , besides providing energy, a lso spares 
expensive protein for growth purposes (Watanabe e t a l . , 
1979; and Watanabe, 1982). Besides, d ie ta ry l i p i d s also 
provide vehicle for absolution of fa t soluble vitamins 
and s t e ro l s (NAS-NRC, 1983). Lipids, espec ia l ly phos-
pholipids and s t e ro l e s t e r s , play a v i t a l ro le in the 
stiructure of b io logica l membrane both a t c e l l u l a r and 
subce l lu la r l e v e l . Lipids impart flavour and t ex tu ra l 
proper t ies to the feed consumed by f ish . Also, the long 
chain polyunsaturated fa t ty acids (PUPA) are precursors 
for prostaglandins in f ish, which exhibit hormone l ike 
a c t i v i t i e s . 
Several reviews on f inf ish nu t r i t i on contain 
information on l ip id requirements (Stickney and Lovell , 
1977; Cas te l l , 1979; Watanabe, 1982; New, 1986). Most 
work concerning l ip id requirement of f ish have been 
carr ied out on coldwater f ishes l ike salmonids but 
de ta i led information on warmwater species i s l imi ted , A 
few workers in the past have examined the ef fect of d i f f e -
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rent lipid levels and their sources on growth and feed 
efficiency of fishes (Austreng and GJefsen, 1981; 
Dupree et al.,, 1979; Reinitz and Yu, 1981; Watanabe, 1982; 
Oda and Murata, 1982; Dosanjh et al_,, 1984, 1988; Hairtfiel 
et al., 1984; Stickney and McGeachin, 1984; Damme and 
Ollevier, 1989; Santiago and Reyes, 1989; and Alava, 1989). 
Supply of fatty acids which fish cannot synthesize 
is essential to ensure good growth. There is evidence that 
polyunsaturated fatty acids (PUFA) of the w3 series, present 
in relatively large concentration in fish oil, play the 
role of essential fatty acids (EFA) for fish. It is also 
presumed that, while coldwater fish have a greater nutri-
tional requirement for w3 fatty acids, the EPA requirement 
of some freshwater fishes like carp^ catfish and tilapia 
can be satisfied by a mixture of w6 and w3 fatty acids 
(Castell, 1979; NAS-NRC, 1983). Most of the plant origin 
oils are of considerable Importance as they contain some 
of the w6 fatty acids essentially needed by fish. Require-
ments of w6 and w3 fatty acids can be met by a mixture of 
vegetable and fish oils (Arai, gt a^ ,,, 1971), 
The growing interest in the cultivation of air-
breathing fishes, including catfishes, in India (Tripathi 
and Das, 1976; Pandian, 1979; Dehadrai, 1980; Pathak gt al,, 
1980; Murugesan and Kumaraiah 1981; Singh et al,, 1981; 
Sinha, 1988; and Tripathi, 1988) has created the need to 
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i n v e s t i g a t e the basic n u t r i t i o n a l requirements of these 
f i shes to formulate cos t -e f fec t ive feeds for them. 
The present study, which i s aimed towards examining 
the effect of d i f ferent l ip id leve ls and l ip id sources on 
the growth and conversion eff iciency of the ca t f i sh , 
Heteropneustes f o s s i l i s , provide useful information on the 
d ie t a ry l i p id requirement of t h i s species . Although some 
data i s avai lable on the gross nu t r i en t requirement of 
t h i s s i luro id (Niamat, 1985; Firdaus, 1987), information 
on the d ie t a ry l i p id requirement i s almost lacking. 
The above ca t f i sh has considerable economic value 
and i t s farming i s gaining populari ty i n India because of 
low-investment cul ture technology being developed for i t s 
cu l ture (Dehadrai and Thakur, 1980), 
GENERAL METHODOLOGY 
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GENERAL METHODOLOGY 
I, Procurement and acclimatization of fish 
Live H, fOS si11s were procured from local fish 
market, treated with 5 ppm potassium permanganate solution 
and acclimatized in Wet laboratory for 2-3 weeks in 70 1 
capacity circular polyvinyl troughs (55 1 water volume) 
fitted with a flow through system. During this period 
fish were fed minced meat to satiety daily at 1700 h, 
II, Preparation of experimental diets 
Casein-gelatin based (40 % cirude protein) test 
diets were prepared using varying lipid levels and lipid 
sources. Protein level in the diet was fixed on the basis 
of the protein requirement of the species worked out earlier 
at this laboratory (Niamat^ 1985). The levels of lipid 
incorporation in the diets were adjusted by proportionately 
altering their dextrin component. Mineral and vitamin 
premixes (Table I & II) used were according to Halver 
(1976b). 
Calculated quantities of various dietary ingre-
dients were weighed on an electronic balance. A known 
quantity of water was then taken in a stainless steel 
attachment of Hobart electric mixer and heated to 80'C. 
-6-
Gelatin was dissolved into it with slow stirring and 
heating the content on to a boiling water bath. The mixer 
bowl was removed from heating, dextrin and mineral mix 
added to it and the content blended in the mixer while still 
in luke warm state. This was followed by the addition of 
remaining dietary ingredients. The final diet about the 
consistency of bread dough was poured into a teflon coated 
pan and placed into a refrigerator to jell. The diet thus 
prepared was frozen until used, 
III, Estimation of crude protein content in the 
experimental diet 
Wong's micro~kjeldahLmethod with slight modifi-
cation was used to estimate the crude protein (N x 6,25) 
content in the experimental diet, 0,lg of the dry 
powdered sample was treated with 5 ml of Ijl dilute 
sulphuric acid in Kjeldahl flask and boiled for a few 
minutes till fumes stop evolving. After cooling, 0,5 ml 
of saturated potassium persulphate was added and the 
content digested till the solution became water clear. 
Subsequently, the digested sample was diluted to 50 ml with 
distilled water, 0.5 ml of this digested aliquot was mixed 
with 0,1 ml each of 1:1 dilute sulphuric acid and saturated 
potassium persulphate. The content was raised to 3 ml with 
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distilled water. To this, was added 7 ml Nessler's 
reagent and the solution allowed to stand for 10 min at 
room temperature for complete colour development. A blank 
was side by side prepared substituting the aliquot with 
distilled water. The colour intensity was read on a 
microprocessor controlled spectronic 1001 spectrophotometer 
at 480 nm. The amount of nitrogen was calculated using a 
calibration curve (Pig. 1) prepared by relating the optical 
density to microgram of nitrogen present in ammonium 
sulphate. 
IV. Estimation of gross energy content in the 
experimental diet 
Estimation of gross energy in the diet was carried 
out through direct caloriraetry. A pov/dered sample was 
dried in hot air oven at 100*C for 24 h. A weighed portion 
was then taken into a metallic crucible and compacted 
carefully to increase the rate of combustion. Combustion 
was carried out in Gallenkamp ballistic bomb calorimeter 
with appropriate corrections based on the standardization 
of the instrument with thermochemical grade benzoic acid 
as the standard. The gross energy (heat of combustion) 
was calculated as cal/g. 
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V. Feeding t r i a l 
Pish of required s ize range were sorted out from 
the acclimatized l o t and fed the synthet ic d i e t s i n the 
form of moist cake for s ix weeks i n c i r c u l a r troughs with 
proper r ep l i ca t i ons . Water exchange ra te in these flow-
through troughs was maintained a t 1 1/min, The f ish were 
fed experimental d i e t s to s a t i a t i o n da i ly a t 1700 h, except 
on the day of weekly measurement. Uneaten food was siphoned 
off over a f i l t e r screen and weighed to get the amount of 
food consumed, A natural l i g h t : dark cycle was maintained, 
VI. Assessment of groi^h and conversion eff ic iency 
Growth was measured i n terms of increment i n 
biomass by subtract ing the i n i t i a l weight from the f i n a l . 
Specific growth r a t e (%) was calculated using the formula: 
log W^  - log W 
SGR (%) = 100 X 
Where, 
W = I n i t i a l weight o 
Wj^  = Final weight 
t = duration 
Food conversion r a t i o was calculated on the bas is 
of amount of food consvimed to l ive weight gain of the fish^ 
while gross growth eff iciency represented the r a t i o of l ive 
weight gain to food consumed. 
Table I, Mineral pronix 
g/100 g 
Calcium biphosphate 13,48 
Calcixam l a c t a t e 32.40 
Fer r ic c i t r a t e 2.97 
Magnesixim sulphate 13.70 
Potassixim phosphate (dibasic) 23.86 
Sodium biphosphate 8.72 
Sodium chloride 4.35 
Aluminixira chloride GH-O 0.015 
Potassixjm iodide 0.015 
Cuprous chloride 0.010 
Manganous sulphate H2O 0.080 
Cobalt chloride SH^O 0.100 
Zinc sulphate 7H O 0.300 
Table II. Vitamin premix 
g/100 g dry diet 
Alpha cellulose 
Choline chloride 
Inositol 
Ascorbic acid 
Ni aci n 
Calcium pantothenate 
Ribof l av in 
Manadione 
Pyr idoxine HCl 
Thiamine HCl 
F o l i c acid 
B i o t i n 
oC-Tocopherol a c e t a t e 
Vitamin B (10 mg/500 ml HO) 
8.000 
0.500 
0.200 
0.100 
0.075 
0.050 
0.020 
0.004 
0.005 
0.005 
0.0015 
0.0005 
0.040 
0.5 ml. 
40 50 60 
NITROGEN ( j ug ) 
Pig, 1. Calibration curve of Nitrogen 
Casein-gelatin t e s t diet used for feed t r i a l 
Fish being acclimatized on experimental diet 
Flow-through system used for feed t r i a l s 
CHAPrSR- I 
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CHAPTER I 
PRELIMINARY OBSERVATIONS ON THE GROWTH AND FOOD 
CONVERSION OF THE CATFISH, HETEROPNEUSTES FOSSILIS 
BLOCH, FED VARYING LEVELS OF DIETARY LIPID. 
IMTRODUCTION 
Lipid is an important energy component in the 
diets of carnivorous fish (Watanabe, 1982). An increased 
dietary lipid incorporation allows for an improved nutri-
tive use of protein by fish (watanabe, et al., 1979; 
Reinitz and Hitzel, 1980; Millikin, 1983; Stickney, 1984; 
and Cho et al., 1985), Excessive levels of lipid in diet 
may often lead to high amounts of fat deposition in the 
visceral cavity and fish fleshy resulting in a reduction 
in dress out percentage and an increase in rancidity 
development during frozen stage (Stickney, 1984). The 
type and level of lipid reqviired by fish to meet their 
requirements have received little attention in the past 
(Halver, 1972; Lee and sinnhuber, 1972; and Viola et al., 
1982). 
The species of fish is of primary importance and 
little work has been done to determine species differences 
in dietary lipid requirements (Halver, 1972). Several 
workers have evaluated the effect of increasing dietary 
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l i p i d l e v e l on growth and feed e f f i c i e n c y of f i s h 
(Murrey, e t a j , . , 1977; Austreng, 1979; Dupree, e t a l . , 
1979; Garcia , e t a^ . , 1981; H a r t f i e l , e t a^ . , 1984; 
S t ickney and McGeachin, 1984; Hilge and Gropp, 1985; and 
P i rdaus , 1987), The p resen t s tudy on t h e growth and food 
convers ion of t h e c a t f i s h , H, f o s s i l i s e fed vary ing l e v e l s of 
l i p i d i s an attempt towards a s s e s s i n g t t ie d ie ta ry l ip id r e q u i r e -
ment of t h i s c a t f i s h , 
EXPERIMENTAL PROCEDURE 
Fish of t h e des i r ed s i z e (10-12 cm, t o t a l l eng th) 
were so r t ed out from t h e a c c l i m a t i z e d l o t maintained i n 
t h e Vfet l a b o r a t o r y and stocked i n r e p l i c a t e groups i n 70 1 
po lyv iny l c i r c u l a r t roughs (water volume 55 1) f i t t e d with 
a flow through system. Fish were fed c a s e i n - g e l a t i n based 
s y n t h e t i c d i e t f o r s i x weeks with vary ing ( 5 , 7 , 9 and 11%) 
l i p i d l e v e l s (Table I ) . The g ross energy of t h e d i e t 
ranged from 456 kcal/lOOg t o 486 kcal/lOOg dry d i e t , A 2:1 
mixture of corn and cod l i v e r o i l was used as l i p i d source 
with an assumption t h a t t h e mixture p rov ides s u f f i c i e n t 
q u a n t i t y of e s s e n t i a l f a t t y a c i d s (w6) and p o l y u n s a t u r a t e d 
f a t t y a c i d s (w3) r equ i red by f i s h . Feces and unused food, 
i f any, was siphoned off from the bottom of t h e t rough 
every morning. The average water t empera tu re dur ing t h e 
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trial was 29 + I'C with water exchange rate of 1 1/min 
for 12 h a day. Duplicate trials were conducted with stock 
density 20 fish per trough. Details of acclimatization of 
fish lots, preparation of diets, their chemical analysis 
and the feeding trial have already been reported under 
General Methodology section, 
RESULTS AND DISCUSSION 
The results concerning the effect of varying 
dietary lipid levels on the growth and food conversion of 
the catfish, H, fossilis. have been suinmarized in Table II, 
The average weight gain of the fish increased up 
to 9% dietary lipid incorporation beyond which there was 
a slight fall in the live weight gain per cent. The gain 
at 9% dietary lipid intake over the period of feeding trial 
was 49%. The lowest (28%) gain in live weight was in fish 
fed the diet containing 11% lipid. Specific growth rate (,/») 
was maximum (0.94 ) in the fish fed 9% lipid level and 
minimum (0.59) in those receiving 11% lipid diet. The 
diet at 9% lipid level seemed most productive with conver-
sion ratio 1,9:1, followed by 2.4 : 1 obtained with 7% 
lipid diet. The poorest (3,1:1) conversion ratio was 
noted in fish lots fed on 5% and 11% lipid diets. The 
gross growth efficiency was likewise maximum (0,52) in 
fish fed 9%, followed by 7%,dietary lipid inclusions. 
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The present study indicates the dietary lipid 
requirement of the catfish, H. fossilis. to be 9% where 
maximxOT growth and food conversion were obtained. Although 
the dietary lipid requirement which depends, in part, on 
the levels of other energy sources in diet, has not 
precisely been worked out for the above catfish, the 
observed dietary lipid level appear within the recommended 
range for other fish species like the rainbow trout, Salmo 
gairdneri (Atherton, 1975), channel catfish^ . Ictalurus 
punctatus (Stickney, 1984), and marine percoidae (New, 1986) 
Luquet and Sabaut (1973) recommended 8% lipid level in the 
diet for fry of gilthead bream (Sparus aurata) for best 
growth and the same was used by Mazzola and Rallo (1981) 
for this fish. In the diet used by Sabaut and Luquet 
(1973), the most effective diet for the above species had 
9.2% lipid on dry matter basis. Watanabe et aJL. (19 79) 
suggested 10% lipid diet with high protein content for 
S. gairdneri to maintain its normal growth. 
Optimal lipid level is reported to cause a 
repression of amino acid degradation, gluconeogenesis, 
glycolysis and lipogenesis, as well as facilitation of 
lipid assimilation (Shimeno et al,# 1981). Since lipids 
contain approximately twice as many cal/g as protein 
and carbohydrate, they contribute greatly to the energy 
levels of diet even when present in relatively low 
-13-
quant i t ies . I t seems that the above (9%) level of 
l ipid incorporation i s sufficiently enough to sparse 
protein for growth purposes in the catfish, H. fos s i l i s . 
SUMMARY 
The effect of feeding different levels of dietary 
lipid were examined on the growth and food conversion 
efficiency of the catfish, H, fossilis. Dietary lipid 
resulted in gradual increase in growth, in terms of live 
weight gain, up to 9% level of incorporation, beyond 
which a fall in growth rate was observed. Pood conver-
sion ratio, specific growth rate {%) and gross growth 
efficiency were also found to be the best at the above 
(9%) level of lipid inclusion in the diet. The study 
thus establishes the lipid requirement of H, fossilis 
to be 9% of the dietary ingredients. 
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CHAPTER II 
GROWTH AND POOD CONVERSION OP THE CATFISH, 
HETEROPHEUSTES FOSSILIS BLOCK, FED DIFFERENT 
DIETARY LIPID SOURCES 
INTRODUCTION 
Incorporation of lipids in fish diet In proper 
proportion Is considered essential for optlraam grov<^ h« 
food conversion and survival. Adequate provision of 
essential fatty acids (EFA) of w3 series through dietary 
lipids is known to result not only In optimum growth but 
also prevents the occurrence of EPA deficiency symptoms. 
The EFA requirement of some wannwater fishes can be 
satisfied by a mixture of fatty adds of llnolelc (w6) 
and llnolenic (w3) series (New, 1986). 
Marine oil which is rich in the above respect 
has more often been employed as the main lipid source 
In the diet of salmon and trout (Dosanjh Qt ^., 1984). 
Several workers in the past have tested the efficacy 
of different lipid soujcces vis-a-vis growth and food 
conversion and/or fatty acid composition of fishes 
- 1 5 -
l i k e Pac i f i c salmon, Oncorhynchua sp, (MugjDditchian s^ al,>. 
1981; Fowler, 1981; Dosanjh s^ a i , , , 1984; 1988), channel 
c a t f i s h , Ic ta lurus punctattts (Stlckney and Andrews, 1972; 
Dupree e t a l , , 1979), rainbow t r o u t , salroo gairdneri 
(Reini tz and Ya, 1981; Boggio g t a j , , , 1985), common 
carp, Cyprintas carpio (Viola § t a i , , 1982), At lant i c 
salmon, Salmo s a l a r (Hardy gjb a i , , 1987) and t i l a p i a , 
Oreochromls n i l o t i c u s (Santiago and Reyes, 1989). 
Deshimaru g^ a i , (1982) , working with semi-purif ied 
d i e t s , observ^ed the e f f e c t of various l e v e l s of marine 
l i p i d s , pol lack and sqtiid l i v e r o i l , on the growth o f 
y e l l o w t a i l , Ser io la auincrueradiata. Information i n t h i s 
regard on Indian cu l t i vab le f i n f i s h spec ies i s l imi ted 
(Firdaus, 1987). The present study dea l s with the e f f e c t 
of some commonly avai lable o i l sources on the growth and 
food conversion of the c a t f i s h , H, f o s s i l i s ^ i n an 
attempt t o study t h e i r e f f i c a c y for poss ib le use i n 
formulated f i s h feeds . 
EXPERIMENTAL PROCEDURE 
Specimens of the des ired s i z e (9 .0 - 11,5 cm, 
t o t a l length) were sorted out from the previous ly 
accl imatized f i s h l o t maintained i n the Met laboratory 
and stocked i n r e p l i c a t e groups i n 70 1 polyvinyl 
-16 -
c i r c u l a r troughs (water volume 55 1) f i t t e d with a 
flow-through system. Pish were fed case in-ge la t in 
based synthet ic d i e t (Table I) containing dif ferent 
l i p i d sources, namely, corn o i l (d ie t I ) , cod l i v e r 
o i l (d ie t I I ) , a 2 j l mixture of corn and cod l i v e r 
o i l (d ie t I I I ) , groundnut o i l (d ie t IV), sardine 
o i l (d ie t V) and a 2»1 mixture of groundnut and sa r -
dine o i l (d ie t VI), Preliminary s tudies conducted i n 
t h i s laboratory indicated 9% l i p id incorporat ion level 
to be the best sui ted for maximum growth and food 
conversion of H, f o s s i l i s . Gross energy i n the d i e t s 
was 476 kcal/100 g, dry d i e t . Feces and unused food, 
i f any, was siphoned off every morning. The average 
water temperature during the t r i a l was 27 + 1*C, 
with water exchange r a t e of 1 1/min for 12 h a day. 
Feeding t r i a l s were conducted i n dupl icate with stock 
dens i ty of 20 f ish per trough, E)etails of acc l imat i -
zat ion of f ish l o t , preparat ion of experimental d i e t s , 
t h e i r chemical analysis and the feeding t r i a l have 
already been reported under the General Methodology 
sec t ion . 
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RESULTS AND DISCUSSION 
The results concerning the effect of varying 
dietary lipid sources on the growth and food conversion 
of the catfish, H, foq^llls^ have been suionarlzed In 
Table II. Fish group fed dl^ts containing a mixture 
of vegetable and fish oil (diets III and VI) produced 
comparable live weight gains, 69S4 and 685t, respectively, 
while in the groups fed diets containing vegetable 
(groundnut and com) oil sources (diets IV and I), the 
weight gains were low, 619& and 60%, respectively. Spe-
cific growth rate i%) was maximom (1.46) in the test 
group fed diet with a mixture of com and cod liver oil 
(diet III) and the minimum (1,31) in the group fed diet 
containing com oil (diet I) alone as the dietary lipid 
source. 
Food conversion ratios were high and comparable 
(1,84J1&1.87:1) in the test lots fed diets III and VI 
while the poorest value was observed in the group fed 
diet I. Gross growth efficiency also reflected the 
best (0.54) value when fed diets with a mixture of 
vegetable and fish oil (diets III and VI), whereas 
groundnut and com oil contained diets (IV and I) 
reflected poor performance. Mortality, to the extent 
of 5 to 1094, was observed in the fish groups which 
received diets (IV and I) containing vegetable oil as 
the lipid source. 
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The results of the present study on the 
growth and food conversion of the catfish, ||, fosailis, 
show that diets containing mixture of vegetable and fish 
oils give better performance in terms of conversion 
efficiency and other growth parameters. A slight supp-
ression in growth with diet containing fish oil alone 
and the lowest weight gain obtained with vegetable oil 
point to the necessity of using a mixture of vegetable 
and animal origin oil in diet development for this 
catfish. Arai sk ai» (1971) found that a diet with a 
mixture of com oil and cod liver oil in a 2x1 ratio, 
containing both w6 and w3 fatty acids, was most favour-
able for growth of the eel, Anguilla latxanica. Success-
ful attempts were also made earlier to blend marine oil 
or animal fat with vegetable oil of high linolenic acid 
content (YU et al*• 1977; Takeuchi gt al.# 1978; 
Reinitz and Yu, 1981; and Mugrditchian s^ ^ , , 1981) 
in fish feeds. Cowey sk aJk» (1976b) d©nonstrated that, 
although turbot (scophthalraus maximua) appeared to have 
an EFA requirement for fatty acids contained in cod 
liver oil# the requiranent was not satisfied by 18t3 w3. 
It has been pointed out that the EFA requir&nent of 
some warmwater fish such as carp, catfish and tilapia 
can be satisfied by a mixture of w6 and w3 fatty acids# 
whereas coldwater fish have greater requirement for w3 
-19-
fatty acids (Castell, 1979; Halver, 1980; Jauncey and 
Rosa, 1982). Comnon carp gret/ faster and with a better 
feed conversion vfhen supplied both 1% 1813 vrS and 1% 
18t2 w6 compared to dietary administration of either 
of the fatty acids alone or of w3 series highly unsa-
turated fatty acids (Jauncey, 1982), and the same was 
observed in chinook salmon (Millikin, 1982)• Yone ^ sX» 
(1971) found that com oil was unsuitable as a sole 
dietary lipid souzxse for fingerling of red seabream 
(Chrvsophrys ma1or) and the fish fed diets containing 
tallow grew poorly. Growth of H, fossilis under the 
test condition was more or less comparable to that of 
Chinook salmon, fed diets containing various oil sources 
adjusted to meet the BFA needs (Mugrditchian, s^ al., 
1981) and milkfish, Chanos fihasaa* feci diets with cod 
liver oil, coconut oil and their equal combination as 
the dietary lipid source (Alava, 1989), 
Dosanjh s^ al« (1984) concluded that canola 
oil, pork laxd and a blend of these lipid sources are 
excellent alternative types of supplementary dietary 
lipid for coho salmon under the test condition. These 
authors (Dosanjh st aL«, 1988) recorded the best over-
all food and protein utilization by Chinook salmon in 
fish groups provided with a diet containing canola oil 
or an equal nixt\ire of herring oil with canola oil or lard. 
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Pish oil itself is often an excellent source of 
both lower and higher unsaturated fatty acids of w3 
series (Stickney, 1977). Trider and Castell (1980) and 
Castell and Covey (1976) suggest that the difference in 
nutritive value between cod liver oil and corn oil was 
partly attributable to their fatty acid pattern. Cod 
liver oil contains high amounts of w3 fatty acids 
whereas corn oil is characteristically low in w3 fatty 
acids. The results obtained on channel catfish (stickney 
and Ardrews# 1972) showed highest average weight gain whBn 
fed diets supplemented with beef tallow, olive oil and 
menhaden oil triglycerides but lower gains were obt-
ained in the groups fed diets containing safflower oil 
high in 18t2 w6 and linseed oil high in 18tS w3. 
Evidence of better growth and conversion efficiency 
was also obtained in yellowtail when fed a diet with 
fish oil# such as cod liver oil* containing large 
amount of w3 fatty acids of long chain length and 
high unsaturation, than with a vegetable oil such as 
com oil, high in w6 fatty acids (Purukawa sjfe, al»» 
1966 and Tsukahara fife al., 1967). Yone sfe ak. (1974) 
obtained results similar to those in yellowtail when 
red seabream were shown to grow better on diets 
containing pollack liver oil than on diets with corn 
oil alone. 
-21-
Lee s^ al.» (1967) obtained reduced growth and 
sharp Increase in mortality when trout were fed com 
oil as the sole lipid source but growth increased when 
linolenate or salmon oil, rich in C.Q and C ^ "3 fatty 
acids, were added. Red seabream grew better with a 
dietary lipid of marine rather than vegetable origin 
(New, 1986). Dupree jgt sl» (1979) found that in 
channel catfish, in terms of weight gain and feed 
efficiency, fish group fed diets containing menhaden 
oil was superior to all other groups fed com oil 
diets or oil-free control diet, stickney (1984) has 
also reported that beef tallow and menhaden oil are 
excellent sources of lipid in catfish diets while 
linseed oil depressed fish growth. When cod liver 
oil was deleted from the rainbow trout diet, growth 
slowed down (Castell, 1979). Growth of tuxbot was 
much better with w3 PUPA (cod liver oil) than with w6 
(com oil) or saturated fat (hydrogenated coconut oil) 
in the diet (Cowey st fll*# 1976 a). Similarly, 
survival was reported to be 100% in red seabream with 
PUPA supplwaented or pollack residual oil containing 
feed, whereas it was poorer amongst animals fed corn 
oil with or without linolenic acid (Yone and Fujii, 
1975). 
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Keeping in view the above facts and the results 
obtained, it is evident that H, fossilis can grow 
better on formulations incorporating either a mixture 
of vegetable and fish oil or fish oil alone. Incorporation 
of vegetable oil alone in diet may suppress growth and 
conversion efficiency of this catfish. The mixture of 
animal and plant origin oils used in the diet presumably 
meets the demand for EFA of w3 and w6 series of this 
species. Besides, the use of the animal and plant oil 
mixture in fish diet would also be oost effective. 
SUMMARY 
The effect of d ie ta ry l i p id sources on the 
growth and food conversion of the ca t f i sh , H. foi^si l is , 
were tes ted using case in-ge la t in based synthet ic d i e t . 
Diets containing 2:1 mixture of vegetable and f ish o i l s 
as l i p i d sources produced maximal growth and specif ic 
growth r a t e . Pood conversion r a t i o and gross growth 
eff ic iency were a l so found to be the bes t with the 
above d i e t s . Growth was poor in f ish l o t s fed d ie t 
containing vegetable o i l s alone. Diets incorporated 
with f i sh o i l produced average growth. The study 
reveals t h a t the mixture of vegetable and animal or ig in 
o i l s when used as d i e t a ry l i p i d source perhaps meets 
the demand of EFA of w6 and w3 se r i e s for t l i i s species . 
Table I . Composition of exper imenta l d i e t , 
I n g r e d i e n t (g/lOO g dry d i e t ) 
if ir-k 
1, Casein / g e l a t i n 47 
2 . O i l 9 
3 . Dext r in 31 
4 . Vitamin mix 9 
5 . Mineral mix 4 
it 
Crude p r o t e i n 84,6%,as fed b a s i s 
•kit 
Crude protein 87%,as fed basis 
*** Sources detailed in the text (page 16) 
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